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This project has the objective to develop preventive medicine teaching cases that will motivate medical students, residents and faculty to improve clinical preventive competencies complemented by a 
.  To this end, 

               been 






Abstract:

Tuberculosis presents a significant public health challenge.  In this teaching case, medical students are given information about four cases of active tuberculosis that occurred over a short period of time in residents of a homeless men’s shelter. The students then walk through the steps that a local health department takes to identify and screen those individuals at risk for transmission of tuberculosis during an outbreak.  During this process, they learn skills in epidemiology (such as defining “epidemic” and distinguishing uses for incidence and prevalence) as well as in population-based prevention of tuberculosis.  Finally students discuss health policy as it relates to the control and prevention of tuberculosis.

Recommended Reading:

· Chapter in an epidemiology text that addresses measuring disease occurrence 

· Small PM, Fujiwara PI. Medical Progress:  Management of Tuberculosis in the United States.  N Engl J Med. 2001:345 (3); 189-200

Objectives: At the end of the case, the student will be able to:

· Apply the agent/host/environment model in understanding disease causation;

· Define epidemic; 

· Identify common factors in incident cases;

· Identify risk factors for tuberculosis, including TB/HIV connection;

· Evaluate methods for population-based prevention, including contact investigations/other interventions (legal);

· Develop skills in outreach follow-up in a hard-to-reach group; and

· Formulate public health policies regarding tuberculosis.

Teaching note:  Students should complete Section A prior to class.

Preceptor background information on the natural history and pathophysiology of tuberculosis, adapted from www.cdc.gov, Mandell: Principles and Practice of Infectious Diseases, 5th ed., Copyright © 2000 Churchill Livingstone, Inc (online, accessed 2/20/03).

Epidemiology: 

· TB infects approximately 1/3 of the world’s population.

· In 1996, six million people developed active TB 

· Incidence of TB is between 6-8 million per year.

· Annually, approximately 2-3 million people die from TB.

· In the U.S., the incidence of active TB decreased until 1985.

· From 1985 to 1992, the number of reported cases of TB rose by 20%.

· Since 1992, the incidence of TB has steadily decreased in the U.S.

· Foreign-born individuals account for approximately 40% of cases in the U.S.

· Risk factors for infection include: 

· Contact to a known case;

· Born in high endemic country;

· Low socioeconomic status (especially in the urban population);

· Aged greater than 65;

· IV drug and alcohol abuse;

· Residing in a residential facility (correctional facility, homeless shelter, nursing home); and 

· Some health care workers.

Transmission:

· Disease is caused by interaction of host, environment and pathogen.

· Mycobacterium tuberculosis is an aerobic, non-motile bacillus (a.k.a. tubercle bacilli). 

· In the vast majority of cases, transmission occurs via droplet nuclei that are aerosolized (coughing, sneezing, and talking). 

· Infectious particles can remain suspended in air for prolonged periods of time.

· LATENT TUBERCULOSIS INFECTION: Usually the host’s immune system can contain the bacilli and prevent disease within two to ten weeks after initial infection. 

Primary Infection:

· Generally considered in children although can occur in adults: inconspicuous pneumonitis in mid or lower lung fields associated with enlarged mediastinal or hilar lymph nodes

· In infants TB tends to disseminate quite readily while in children age 5-15, it tends to have a self-limited course.

Reactivation:

· In low risk areas, the vast majority of cases of active tuberculosis occur when latent foci of infection become active, though re-infection can occur.

· Risk factors for TB reactivation include HIV positivity, diabetes, x-ray consistent with prior TB disease, malnutrition, certain GI conditions, certain malignancies, chronic steroid use, general stress or poor health, and some other medical conditions.

· Approximately 5% of people infected with TB develop active TB within 2 years of conversion to positive tuberculin skin test (TST).  If a person survives the latent TB period without developing active TB, the subsequent lifetime risk of developing active TB is approximately 5-10%. 

· Approximately 75% -85% of cases of active TB are pulmonary TB however it can occur in essentially any part of the body.  Extrapulmonary TB is seen more frequently in HIV positive individuals.

· Miliary TB occurs when the bacilli spreads in the bloodstream and rapidly disseminats the disease.  The x-ray has a classic appearance. It is a very serious form of the disease.

Section A:  Illness in Residents of Homeless Shelters

It is August 1997 and you are a public health official for a county health department.   It has been brought to your attention that four residents of homeless shelters in your county have recently been diagnosed with active tuberculosis.  You are given the information below:

1. AJ is a 28-year-old male resident of the Oxford Street Inn/ Rescue Mission who presented to SUNY Upstate Emergency Department on July 17 with a three-week history of productive cough and night sweats.   

2. RC is a 36-year-old male resident of the Oxford Street Inn who presented to the Community Health Center on July 24 with several day history of productive cough and fever.

3. LF is a 43-year-old male resident of the Oxford Street Inn/Rescue Mission who presented to St. Joseph’s Hospital on July 29 with a two-week history of cough with hemoptysis.

4. SW is a 47-year-old male resident of the Oxford Street Inn who presented to the Community Health Center on August 15 with a several month history of severe cough and weight loss.  

Questions:

1. What else would you like to know about these men?  

· History:  

· TB:  prior history of TB, known exposure to TB, TST (past and present)

· Social: including alcohol and drug use as well as history of incarceration

· Medical: HIV status and other underlying medical problems, CXR

· Investigation:  Details about when they stayed at the shelters, where else they stayed, support systems, travel history
2. What are risk factors for latent tuberculosis infection? For active TB? (Consider the agent/ host/ environment model.)

· Agent:  M.Tb, individual strains vary in their virulence and infectivity

· Host: Underlying medical problems, esp. HIV positivity, diabetes, x-ray consistent with prior TB disease, malnutrition, certain GI conditions, certain malignancies, chronic steroid use, general stress or poor health, and some other medical conditions are risk factors for reactivation.  Other risk factors: contact to known case, born in high endemic country, low socioeconomic status (esp. in the urban population), age >65, IV drug abuse, alcoholism, and some health care workers.

· Environment:  Crowding (living in residential facility such as a correctional facility, homeless shelter, nursing home), high endemic area (also host factor).

3.
Is this an epidemic? 

Teaching note:  Reporting will be discussed in detail in the Section B however this is a good place to introduce the concept of reporting.  The preceptor can emphasize that three different hospitals were involved.  If this were not a reportable disease, the physicians in the community would likely be unaware that other homeless individuals in the community were being diagnosed with TB.

· Probably although need baseline information to determine whether this is an epidemic since epidemic is defined as “ the occurrence in a community or region of a group of illnesses of similar nature, clearly in excess of normal expectancy, and derived from a common or from a propagated source.”  (Source:  Gordis p. 17.)

· “Common source”:  One patient with active TB infecting others “Propagated source”: One patient with active TB infecting another who develops active TB and infects another person who in turn becomes ill and infects others and so on…


· Essential ingredients for an epidemic: 

· Introduction of, or an increased amount of, a pathogenic agent 

· Adequate number of exposed and susceptible persons 

· An effective means of transmission between the source of the pathogen and the susceptible hosts

Section B: Investigation of an Outbreak

In Section A, you were asked whether this was an epidemic.   In order to determine if this occurrence was markedly different from baseline, you need to know what the incidence of active TB is in your county. Characteristics of the four patients described in Section A are presented below.

Table 1: Characteristics Of The Four Men Diagnosed With Active Tuberculosis.
	Case
	TST*
	Chest X-Ray
	HIV status
	Alcohol Use
	Substance Abuse

	1
	0x0
	Left upper lobe infiltrate 
	Positive
	Past Hx**
	Past Hx

	2
	0x0
	Right middle lobe opacity
	Positive
	Yes
	Yes

	3
	0x0
	Left lower lobe opacity
	Positive
	Yes
	Yes

	4
	15x22
	Severe bilateral disease with cavities
	Negative
	Past Hx
	Past Hx


*TST= Tuberculin skin test

**Hx= History 

Questions: 

1. “Incidence” and “prevalence” are measures of disease occurrence.  Which would you use to measure active TB?  Which would you use to measure latent tuberculosis infection (LTBI)?  Why?

· Incidence is the number of new cases of disease that occur in a population over a given time period.  

· Prevalence is the number of persons present in a population who have the disease at a specific time.  

· Here, the incidence is helpful to know for active disease for surveillance purposes. Individuals with active TB are usually symptomatic therefore new disease can be identified.  Also, because active disease is a reportable disease, it is quite easy to determine the incidence in the United States.  

· Latent TB infection cannot be measured in terms of incidence because LTBI is asymptomatic and therefore new disease is very difficult to identify in a large population.  Although LTBI is not reportable, because testing can be done for LTBI, it is possible to determine the prevalence in a population by sampling and testing the general population.

· Preceptors can then lead into a discussion about data sources and reporting if time permits and depending on the class goals.
2. What common factors are evident here?

· Negative TST
· HIV
· Substance abuse
· Alcohol
3. Three of the cases had negative tuberculin skin tests (TSTs).   What are some of the limitations of using TSTs?

· False negatives:

· Anergy (Depressed or absent delayed hypersensitivity such as HIV infection or other immunocomprised state, including, steroid use, severe or febrile illness, viral infections.)

· Recent infection (usually convert within 12 weeks of infection)

· Very young (less than 6 months)

· Overwhelming disease (10-25% of TB cases have negative TST at time of diagnosis)

· Recent live-virus vaccination (e.g. measles)

· Consider asking the students: Is this a good screening test?  No, poor sensitivity and specificity.  No gold standard though.  In part because of this, CDC recommends only targeted testing now.  Good place to talk about screening tests, sensitivity, specificity, etc…if time permits and if this meets class goals.

· If students ask…Diagnostic tests: AFB smear: Also poor test, only 50% cases of active TB have positive smear because of need for a lot of organisms to have a positive smear.  Also, other mycobacteria can have similar appearance.

· Cultures:  Good test but can take up to six weeks if in solid medium (although usually positive by three weeks in liquid).
4. Three of the initial cases were HIV positive.  Describe the association between TB and HIV.   Should testing and/or treatment for tuberculosis differ for individuals with HIV?

· The amount of detail to go into here depends on where the students are in regard to clinical knowledge.  Fourth year medical students would be expected to be able to discuss this whereas.  Preceptors instructing first year students may want to briefly address this and move on to the next section.

· Epidemiology:  

· Of the approximately 3 million people who die every year from TB, about half are co-infected with HIV.

· Approximately 10-15% of cases of active TB in the United States are reported in people who are HIV+.

· Of those patients who are HIV+ with latent TB infection, 2-9% develop active TB every year.

· The interaction between AIDS and TB continues to result in increased morbidity from TB.

· BCG:   A live attenuated vaccine (derived from M. bovis) that should never be given to known HIV+ individuals.

· Tuberculin skin testing (TST):

· 5mm induration is considered a +TST.

· Generally think about a compromised reaction to a TST in a person who is HIV+ however this is not universal.  (One study demonstrated +TST in 60% of HIV+ patients with active TB and only 30% of patients with AIDS.)

· TST can initially be negative but can become positive if the patient responds well to antiviral therapy.

· Routine anergy testing is no longer recommended.

· Pathophysiology:

· HIV+ patients are more likely to have rapid progression of recently acquired infection and are more likely to reactivate remote infection.  

· Active TB can present differently in the HIV+ community depending on the clinical status of the individual.  Persons with low CD4 counts and high viral loads may present with middle or lower lung field abnormalities without cavitary disease (similar to active disease found in children) whereas persons with essentially normal immune function are more likely to have a presentation similar to that of HIV- patients with tuberculosis.  

· Individuals who are HIV+ are at greater risk for extrapulmonary disease (10-15% in early disease, up to 50% in people with AIDS.) Concomitant pulmonary and extrapulmonary disease is not uncommon. 

· Overall, the one-year mortality rate for individuals who are coinfected with HIV and TB is 20-35%, which is approximately 4X higher than the one-year mortality for HIV- individuals who have TB.

· TB has been demonstrated to enhance viral replication both locally (particularly in the lungs) and systemically. 

· Strategy:

· Target high-risk individuals for TST. All HIV+ persons need to get evaluated.

· Initiate appropriate medical therapy for all individuals who have +TST.

· Early detection of and effective therapy for active TB is critical.

· Prompt reporting to the appropriate health officials is a necessity.
5. How were you, the local public health officer, notified of these cases of tuberculosis? 

· Once a diagnosis is made, the laboratories are required to report to the local health department. Licenses can be suspended for failure to report.
6. What entities are mandated to report selected communicable diseases?

· Health care providers are also mandated reporters although they tend to rely on the labs to report.
Information obtained during the initial investigation of the four cases indicated that SW, the fourth person diagnosed with active tuberculosis, was likely the source case.   He was found to have had symptoms consistent with active tuberculosis since January 1997 but he had refused medical attention at that time.  He was a longtime resident of the Oxford Inn who stayed at the shelter every night in 1997 until he was hospitalized.  His medical history revealed that he was diagnosed with tuberculosis in 1991 and had reportedly completed a course of self-administered therapy at that time.  

Questions: 

7. Now that all four cases have been reported, you need to decide whether intervention is necessary.  How do you make the decision to intervene? What types of interventions do you recommend?

· Need to establish if there is a health threat to others.  Even a single case of active pulmonary TB presents a potential public health threat and needs some level of intervention.  However, here there was a more urgent concern given the consecutive appearance of cases, indicating the possibility of a larger problem.

· Recommendations include contact investigation and possible court order for involuntary detection of the active case if non-compliance is a concern.

· Individuals identified as being at risk for exposure to TB should be screened for TB.

· Environmental assessment of the shelters (smoke tube testing showed that air at the bed level moved little or traveled horizontally between the beds).

8. Because active tuberculosis is recognized, contact investigations are initiated immediately.

A. Why?  

· Contact investigations are crucial for:

· Identification of other cases of active TB (Either source case or newly infected cases- it is rare to do a source case investigation since in the US, most cases of active TB are due to reactivation and therefore it is almost impossible to identify the source.  A source case investigation may be indicated in a cluster of cases or in a young child who has primary TB.)

· Identification of persons with LTBI who would benefit from therapy for the infection.

B. Who is the target population (Oxford Street Inn v. all homeless shelters v. community at large)?  

· This is open for discussion.  At the time, all homeless shelters were targeted because of the close nature of the homeless population.  A homeless individual may use different shelters on different nights and may use the same meal programs, public facilities or treatment programs during the day. In this investigation, most of the cases had been at more than one shelter.  Although there is potential for transmission to the general population (through employment) it is a far lesser risk than to the homeless population.  It became a statewide concern because of travel between cities.

C. What method of screening would you recommend (TST, clinical assessment and/or chest x-ray)?

· Screening should include a TST and a CXR.   Given that HIV infection is more prevalent in the homeless population and that TST may result in false negatives in HIV positive individuals, a CXR is necessary.  In addition, malnutrition may also cause a false negative TST.  Any individual with a positive TST or CXR must then have a thorough assessment.

Staff at the County Health Department (CHD) and Oxford Street Inn were able to compile a master list of individuals who were at risk for tuberculosis infection based on dates of possible exposure (January to September 1997).  There were 312 individuals determined to be at risk, including staff at the shelter.  The list of individuals at risk consisted almost exclusively of other homeless men who stayed at the shelters during this time period.

Questions: 

9. What factors need to be taken into account when considering contact investigations in this target population?

· Accessibility: Individuals can be classified based on difficulty in reaching the homeless population within the community 

· Frequent users of shelter and therefore accessible for testing; 

· Infrequent users of shelters and difficult to reach;

· Little information or individual has left the county and is very difficult to reach.

· Mobility of the population outside of the community

· Possible distrust of public health officials

10. 
What strategies would you recommend to locate the persons identified as being at risk?

· A number of people, including medical providers for the homeless, managers of social programs and individuals working in the criminal justice system, were involved in planning efforts to locate the persons at risk.  The team reviewed patterns of utilization of services to try to prioritize where the individuals were likely to be found.  (Such as places providing free meals, places offering daily employment etc…)  Staff then tried to locate these individuals by going door-to-door to the identified locations as well as by contacting other agencies to assist with finding persons at risk.  Posters were created and placed in strategic locations.  Once individuals were located, staff persisted in visiting and revisiting the individual until he complied with testing requirements.

The staff at both the Oxford Inn and at the CHD worked diligently to identify and locate these individuals.    Based on knowledge of the individuals, men were classified by the ease at which they could be located and assessed for intervention.  Results of the staff’s efforts are shown below.

Table 2: Classification of Homeless Men Based On Accessibility:
Oxford Inn Outbreak, Syracuse NY, 1997

	Patient Category
	Accessibility
	Number (Percentage) of Individuals

	A
	     Medium to high
	87 (28%)

	B
	     Low
	78 (25%)

	C
	     Very Low
	147 (47%)

	Total (A+B+C)
	
	312 (100%)


 SCREENING:

All individuals who were determined to be at risk for tuberculosis were offered screening including an initial TST, three month follow-up TST for those with an initial negative TST, chest x-ray, and clinical assessment.  Not all men were found, nor did all comply with recommendations.  Results of the screening effort are shown below. 

Figure 1. Results of Screening TST Results: The Oxford Street Inn Outbreak, Syracuse NY, 1997




















Notes:

1. Prior (+) TST: Men who had documentation of a positive TST prior to January 1997.  

2. Possible Converter: Men who were found to have a positive TST at the time of screening 

but whose prior TST status was unknown.  

3. Documented converter: Men who had documentation of a negative TST in the recent

 
past but who were shown to be TST positive during this screening.   
Through the above screening efforts, one additional case of active pulmonary TB was identified by the end of September 1997.  Unfortunately, of the first five cases, four individuals did not voluntarily comply with recommendations for isolation and treatment.   Court orders were issued in all four of these situations to enforce compliance.  Please refer to the line listing of the five patients below. 
Table 3: Line Listing for First Five Men Diagnosed with Active Tuberculosis in Homeless Shelters in Syracuse, 1997.

	Case
	Age
	Date of Diagnosis 
	Shelter 
	HIV status
	Alcohol Use
	Substance Use
	Court Order

	1
	28
	7/97
	Oxford/RM
	Positive
	Past Hx
	Past Hx
	Yes

	2
	43
	7/97
	Oxford/RM
	Positive
	Yes
	Yes
	No

	3
	36
	8/97
	Oxford
	Positive
	Yes
	Yes
	Yes

	4
	47
	8/97
	Oxford
	Negative
	Past Hx
	Past Hx
	Yes

	5
	38
	9/97
	Oxford
	Negative
	Yes
	Unknown
	Yes


Question: 

11. Please discuss issues of individual autonomy versus community protection.   When would you resort to obtaining a court order?  Are there any other diseases for which you would recommend similar legal action?

· Allow for group discussion here.  Some examples of other diseases in which community protection is likely to be a concern include: 

· Enteric disease in food handlers/ day care workers
· Group A strept (GAS) in health care workers if patient develops GAS after a procedure or if several patients in a facility develop GAS over a short period of time. Infection could be nosocomial through asymptomatic carriers.

· Smallpox / Plague etc…

Section C: Directly Observed Therapy and Case Management

Directly observed therapy with case management is recommended by the Centers for Disease Control and Prevention for all people who have active tuberculosis as well as for certain individuals with latent tuberculosis infection.  People who are infected with tuberculosis and who are at greater risk of progressing to active tuberculosis (such as children) may be evaluated for need for directly observed therapy for latent tuberculosis infection (DOT).  Additionally, individuals who are at high risk for non-compliance with self-administered medication should be assessed for directly observed therapy.  Because of the accessibility issues and concerns of non-compliance in the population of individuals at risk in this outbreak, DOT was recommended for all shelter residents diagnosed with latent tuberculosis infection.  The disposition of the men identified as being at risk during the contact investigation is shown below.

Figure 2.  Disposition of 312 Homeless Men: The Oxford Street Inn Outbreak, 1997

























 







Questions: 

1. Why was DOT important in this situation?

· These individuals are both at increased risk of developing active TB and at risk of significantly spreading tuberculosis if they do develop active disease.

· For individuals who report a history of TB infection or TB disease, documentation of treatment should be obtained.  If treatment cannot be verified, the individual should be encouraged to restart therapy.

2. What were significant barriers in administering DOT?

· Accessibility 
· Mobility 
· Distrust of “system” 
· Potentially at increased risk of hepatotoxicity from medications if use alcohol or other drugs.
3. How would you manage those individuals who refused DOT?

· For cases: Court orders for involuntary detection/ hospitalization if they do not comply with treatment recommendations.  Current law allows patients to be confined if they can be shown to be infectious (i.e., if they can be shown to be a present threat.)  It does not allow for future threat- a person cannot be forced to complete therapy once their sputa are negative.  Additionally, if someone has evidence of old untreated disease but have no evidence of active disease, they cannot be confined based on the concern that they are at risk of developing TB. Directly observed therapy for both active TB and LTBI with case managers

Section D: Aftermath of the outbreak…
Unfortunately, even though DOT was ordered for almost ninety men, very few individuals actually completed therapy for the same reasons that were explored earlier in the case.  Over the following year, five more homeless men were diagnosed with active tuberculosis for a total of ten cases of active TB in homeless men in approximately one year.  DNA fingerprinting demonstrated that seven of the cases were caused by an identical strain of Mycobacterium tuberculosis.  An isolate from an eighth case was closely related and felt to be a variant of the same strain.  Isolates from two other cases were not considered to be related.  Four of these ten patients had had a prior positive TST and had initiated therapy in the past but none was known to have completed a full course of therapy. 

Question: 

What public health policies would you recommend to address the above-described situation? 

· Policy for homeless shelters to ensure diagnosis and treatment of TB.  In Onondaga County, the Oxford Street Inn and Rescue Mission now require overnight visitors/ residents to have a card that documents their TST results and treatment status if applicable.  People can be denied entrance into the facility if they do not have such documentation.  Staff at the facilities work closely with the Onondaga County Health Department to ensure that compliance with testing and treatment is encouraged.  In addition, the OCHD continues to recommend DOPT for all residents of homeless shelters.

· Improved ventilation, UV lights in homeless shelters.

· Incentives for treatment of LTBI (burger king bucks, transportation tokens, small gifts, drinks, pudding etc for the children)

 Final Outcome Of The Outbreak To Date: 

According to the New York State Department of Health, since 1997, there have been 109 cases of active tuberculosis reported in Onondaga County to date.  Of these, 23 cases with positive cultures were evaluated for a linkage with the Oxford Street Inn. DNA fingerprinting has demonstrated that 20 of these cases were associated with the initial outbreak in the Oxford Street Inn.  In addition, the New York State Department of Health reports that the same strain of Mycobacterium tuberculosis has been found in at least 26 homeless individuals in Maryland and the District of Columbia.
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